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RESULTSOFHEATTRANSFERTESTS
ONTHESPACESHUTTLESECONDSTAGEASCENT

VEHICLEATM_ = 5.3 & 7.3 IN THE
NASA/ARC3.5-FOOTHWTUSINGTHE0.0175

SCALEMODEL60-_T(IH-104)

by

J. R. Nakamoto

ABSTRACT

Test IH-104 was conducted in the NASA/Ames3.5-foot HWTto obtain convective

heat-transfer rate distributions on the upper barrel of the SpaceShuttle

External Tank, for second-stage ascent conditions, at attitudes not attained

during previous ascent heating tests. The test model (60-@T)was a 0.0175-

scale version of the Rockwell International SpaceShuttle Vehicle (Configu-

ration No. 5). Heat transfer data were obtained at Machnumbersof 5.3

and 7.3 for a Reynolds numberof 5.0 x 106 per foot. Angles-of-attack

ranged from -5 to +5 degrees with sideslip angles varying from -9 to +9

degrees.
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INTRODUCTION

Ascent heat transfer test IH-104 obtained convective heat transfer rate

distributions on the upper barrel of the Space Shuttle External Tank,

for SSV second-stage ascent conditions, at attitudes not covered during

previous ascent heat transfer tests.

This investigation was conducted in the 3.5-foot Hypersonic Wind Tunnel,

at the NASA Ames Research Center, from February 19 through April 17, 1980,

completing a total of 238 test hours in the facility.

The test article was a 0.0175-scale version of the Rockwell International

Space Shuttle Vehicle (Configuration VC72-000002F) designated the 60-_T

model.

Data were obtained under simulated ascent flight conditions: nominal Mach

numbers of 5.3 and 7.3 at a Reynolds number of 5.0 x 106 per foot, angles-

of-attack ranging from -5 to +5 degrees, with sideslip angles varying

from -9 to +9 degrees.

This report presents information on the conduct of the test, details of

the model, test facility, instrumentation, and plotted and tabulated data.
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SYMBOL

a

b

b/2

bv

B.L.

C,c

C

Cp

C0,CI,C 2

'_I_ t

h

hi/h u

hs,hre f

Haw

Ht

_wi

_/hs,
h/href

NOMENCLATURE

MNEMONIC

DTW/DT

H

HREF

HS SPHERE

HAW

HT

HW

H/HREF

H°L.

DESCRIPTION

Intercept of straight line curve fit (generalized)

Thickness of model skin

Wing semi-span, inches

Vertical tail span, inches

Butt line

Specific heat of model skin material

Wing or vertical tail chord

CONSTANT SET See Table VI

Specific heat of air stream (perfect gas value)

Curve fit constants

Rate of change of wall termpature, °R/sec.

Heat transfer coefficient at _odel wall for given
thermocouple location, BTU/ft -sec-°R

Ratio of interference and undisturbed heat trans-

fer coefficients

Stagnation point heat tr_nsferocoefficient for
reference sphere, BTU/ft -sec- R

Adiabatic wall enthalpy

Freestream total enthalpy, BTU/LBM

Enthalpy based on model wall temperature for a

given thermocouple location at initial time.

Ratio of model heat transfer coefficient to heat

transfer coefficient of reference sphere (usually

followed by appropriate recovery factor, R = 1.0,
R = 0.9 or R = 0.85

Hinge line

13



NOMENCLATURE(Continued)

SYMBOL MNEOMONIC DESCRIPTION

IML

L
O

L s

LT

M, M_
Mach No.

m

OMS

Po

PT,Pt

q

Re,Re/foot

R

Rs

L.E.

MACH

OML

OMS

PINF

PT

Q

QDOT

QREF

RN/L

RN/FT

R

R

Inner Mold Line

Leading edge

Reference length of orbiter

Reference length of SRB

Reference length of ET

Freestream Mach number

Generalized straight line slope

Outer Mold Line

Orbital Maneuvering System

Freestream static pressure, psia

Freestream total pressure, psia

Freestream dynamic pressure, psi

Heat transfer rate at model wall for given T/C

location at initial time; BTU/ft2-sec

Heat transfer rate at stagnation point of refer-
ence sphere at initial time, BTU/ft -sec

Freestream Reynolds number per foot x 10 -6

Recovery factor

Reference sphere radius, ft.

14



SYMBOL MNEMONIC

NOMENCLATURE (Continued)

DESCRIPTION

RUN NUMBER

St STN NO

T/C, T/C No. T/C NO

TINF

Tt, TT TT

Twi TW

t

Taw

V, U

W

W.P.

(x/c)v

X/L T

Xfr_m

nose

Xo

Yo

Z o

(Z/B) v

ToE.

VlNF

xv/cv

X/LT

XO

YO

ZO,ZB

ZV/BV

Tunnel run number, See Table III

Stanton Number

Thermocouple Number

Freestream temperature, °R

Tunnel freestream total temperature, OR

Model wall temperature for given thermocouple

location at initial time, OR

Time, sec

Adiabatic wall temperature, OR

Trailing Edge

Freestream velocity, ft/sec

Density of model skin _material, ibm/ft 3

Water plane

Percent of Vertical tail chord

Percent of External Tank Length

Longitudinal distance along tank measured from nose,

model scale

Full scale dimension from a point 235 inches

forward of orbiter nose, inches (longitudinal)

Full scale dimension from orbiter centerline,

inches (lateral)

Full scale dimension from reference point

parallel to Z-axis, inches (vertical)

Percent of Vertical tail height

15



NOMENCLATURE(Concluded)

SYMBOL

C_

6SB

6
e

(_D

Subscripts

aw

i

PG

t

W

0

T

MNEMONIC

ALPHA

BETA

SPDBRK

ELEVON

MU

THETA

RHO

PHI

DESCRIPTION

Model angle of attack, degrees

Model sideslip angle, degrees

Speedbrake deflection angle, degrees

Elevon deflection angle, degrees

Freestream viscosity, ib-sec/ft 2

Angular location of T/C on external tank measured

CCW from top centerline (looking aft)

Freestream density, slugs/ft 3

i. Model roll angle (in Tab Data) - identically

zero for this test

2. Angular location of T/C on external tank measured

CCW from top centerline(looking aft) - in Data

Figures

adiabatic wall

initial time

perfect gas

total condition

wall

freestream

Orhiter

External Tank

16



REMARKS

During the course of the test several data points were re-run due to

test anomalies which were suspected to have effected the data quality.

A summaryof all knownbad data runs is presented below:

Run #'s

2 thru 6

24

26

46

57

63

66

i01

113

117

120

Data Anomalies

Total temperature too high.
Final re-run as Run #7.

Beckman System problems.
Re-run as Run #28.

Re-run as Run #29.

Run 26 was later salvaged and considered

a good run.

Re-run as Run #48.

Beckman tape problems.
Re-run as Run #69.

Re-run as Run #70.

Beckman tape problems.
Re-run as Run #68.

Forward Orbiter/ET attach struct blew off model.

Re-run as Run #109.

Beckman tape errors.

Re-run as Run #116.

Beckman tape errors.

Re-run as Run #120, but still had tape errors.

Beckman tape errors.

This point was not re-run.

17



CONFIGURATIONSINVESTIGATED

The modelused for test IH-104 was a combination of two existing 0.0175-

scale models (60-_ and 60-T) which simulates the second-stage ascent

configuration.

The 60-T External Tank is a thin-skin thermocouple model constructed to

the Rockwell Vehicle 5 configuration reflecting Shuttle Configuration

Control Drawing VC72-OOO002F.The tank is fabricated of 17-4 PHstain-

less and has a nominal skin thickness of 0.030-inch at the instrumented

areas.

For this test, the Orbiter's elevons were deflected +10°(down) and a

transition strip was fitted to the Orbiter 51.732 inches full-scale

(0.9 in M.S.) from the nose. The strip consisted of 0.020-inch stain-

less steel balls spaced 0.060 inch centerline-to-centerline.

The following nomenclature wasused to describe model componentsfor the

Vehicle 5 configuration.

B62 Fuselage

C12 Canopy

E52 Elevon

FI0 BodyFlap

MI6 OMSPod

RI8 Rudder

V8 Vertical Tail

WII6 Wing

T38 External Tank (Spike Nose)

18



CONFIGURATIONSINVESTIGATED(Concluded)

Table IV contains full-scale and model-scale dimensional data for the

60-_T configuration.

The coordinate system used for this test is defined by Figure 1.

19



INSTRUMENTATION

The 60-T External Tank model is instrumented with 575 thirty-gage iron-

constantan thermocouples, 446 of which were monitored for this test.

The estimated uncertainty of these thermocouples is +0.5 percent.

Thermocouplelocations and measuredskin-thicknesses for the ETare given

in Table V. ET thermocouple locations are graphically presented in

Figure 2.

Thermocoupleleads were attached to plugs of 15 thermocouples each.

During each tunnel injection, data from a maximumof 75 thermocouples (5

plugs) were recorded. Six groups of thermocouple plugs, each group con-

sisting of 5 plugs, were required to measurethe 446 thermocouples

monitored for this test. Theseplug groups are called Constant Sets

on the RunNumber/Collation Summarysheet. A llst of the six Constant

Set/Plug groupings is given in Table Vl. During the test, several

thermocoupleswere determined to be inoperative. Data from these thermo-

couples have been omitted from the tabulation.

Noneof the instrumentation on the 60-_ orbiter model was monitored for

this test.
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TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, blow-

down-type tunnel capable of operating at nominal Mach numbers of 5, 7,

and I0 at pressures to 1800 psia and temperatures to 3400°R for run

times to four minutes. The major components of the facility include a

gas storage system where the test gas is stored at 3000 psi, a storage

heater filled with aluminum-oxide pebbles capable of heating the test

gas to 3400°R, axisymmetric contoured nozzles with exit diameters of 42

inches for generating the desired Mach number, and a 900,000 ft 3 vacuum

storage system which operates to pressures of 0.3 psia. The test sec-

tion itself is an open-jet type enclosed within a chamber approximately

12-feet in diameter and 40-feet in length, arranged transversally to the

flow direction.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +20 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerline. This rotation point

is adjustable from 1 to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut centerline 37-inches from

tunnel centerline) until the tunnel test conditions are established

after which it is inserted. Insertion time is adjustable to as little

as 1/2 second and models may be inserted at any strut angle.

21



TEST FACILITY DESCRIPTION (Concluded)

A high-speed, analog-to-digltal data acquisition system is used to record

test data on magnetic tape. The present system is equipped to measure

and record the outputs from 80 transducers in addition to 20 channels

of tunnel parameters.
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TESTPROCEDURES

The 60-_T model was sting mountedthrough the base of the orbiter.

External Tank was suspendedbeneath the orbiter by an adapter which

attached to the back of the orbiter's sting.

The

Instrumentation leads from the External Tankwere passed through the model

stings and routed externally along the main sting/tunnel strut fixture.

The model instrumentation was connected to the Beckman210 data system.

The Beckman210 is a high-speed lO0-channel data system. Of these i00

channels, 75 channels were used to record thermocouple data. The remain-

ing channels were used to record tunnel parameters (total pressure,

temperature, etc.). To obtain data for all 446 thermocouples monitored

for this test, 6 tunnel runs (one run for each thermocouple Constant Set)

were required to complete a set of test conditions.

Before each run the model was cooled uniformly to approximately 70°F.

Data were collected at 0.07-second interwals, from the start of model

insertion into the airstream through the end of the retraction cycle.

Total time on centerline for the model was approximately 4 seconds.
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DATAREDUCTION*

All test data were reduced at the NASAAmesResearch Center using the data-

reduction techniques outlined below. The thermocouple data were reduced

using the one-dimensional, thin-wall equation:

dTw__ nw
--WCb d-_- h (Haw - Hw) - hHt ( Haw ) (1)

H t Ht

which neglects heat-conduction losses.

Assuming that W and h are constant and

C = Co+CiTw+C2Tw 2 for Tw rangesj (2)

the integration of equation (i) for t = ti to t and Tw = Twi to Tw yields

the linear equation:

f(Tw)---an\Taw-Tw.J + C_w _w4" 2

_ hcp
(t- ti)

wcawb

where it is defined that:

(3)

Taw- Haw - Haw Ht > (Taw)PG (4)

Cp H t Cp

Caw- co+ cz Taw+ c2 T_w2

# specific heat at adiabatic wall temperature

(5)

* Data Reduction Section contributed by Mr. W. K. Lockman, Ames Research
Center.
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DATAREDUCTION(Continued)

The form of Eq. (3) is f(Tw) = mt + a where m is the slope and a is the

intercept for a straight line if heat-conduction errors are negligible.

Thus, deviations from a straight line can indicate heat-conduction effects.

The slope, m, of f(Tw) vs t from Eq. (3) is computed by a least-squares,

straight-line fit over a finite time interval (approximately one second)

beginning when the model reaches uniform tunnel flow. The value of the

heat-transfer coefficient, h, is then determined from:

h - WCawb
m (6)

Cp

Using this value of h, the heat-transfer rate is evaluated at the initial

time, ti, when the model is isothermal at the initial wall enthalpy, Hwi

(Haw H___wi)
: qi : h (Haw - Hwi ) m hHt _t Ht (7)

where Haw/H t is the same value used to evaluate h.

is independent of the value of Haw/Ht used for both the h and q evalua-

tions.

The resultant value of

The reference sphere heating is also evaluated at the initial wall enthalpy

by the method of Fay and Riddell (Ref. l):

qs = hs (Ht - Hw i) m h s Rt (i.0 Hwi)
- Ht (8)

The model-to-sphere ratio of heat transfer coefficients was then deter-

mined from Eqs. (7) and (8) as
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DATAREDUCTION(Continued)

h i10wltI
where qi is constant for all values of Haw/Ht. To determine h/h s for

various values of Haw/Ht, the particular value of Haw/Ht is substituted

into Eq. (9).

The Stanton number is defined as

h _i
St m -

pu pu(Haw - Hwi)

where for freestream conditions, 0u = P_ V_.

(9)

(i0)

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 (Ref. 2) for

calorically imperfect, thermally perfect air. Keyes equation for viscos-

ity (see Ref. 3) was used for the sphere heating and Reynolds number

computations:

0.0232 x 10-6 T0"5
= (11)

220 /T
I +_x 10 -9

where the units for T and _ are OR and lb-sec/ft, respectively.

Material Properties

The instrumented areas of the model were constructed of 17-4 PH stain-

less steel. The material thermal properties necessary for thin wall T/C

data reduction are listed below.
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DATAREDUCTION(Concluded)

Material density: W= 490 i5/ft 3

Material specific heat: c = 0.0797 + 5.556 x 10-5 T--
BTU

ibm-°R
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TEST : IH-104 TABLE I

TEST CONDITIONS

DATE : 4/17/80

MACHNUMBER

5.3

7.3

REYNOLDSNUMBER

(per foot)

5.0 x 106

5.0 x 10 6

DYNAMICPRESSURE STAGNATIONTEMPERATURE

(degreesFahrenheit)

840

(pounds/sq.inch)

840

BALANCE UTtLIZED:

NF

SF

AF

PM

RM

YM

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:

29
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TABLE IV

J,IDDEL DP,_ENSIONALDATA

BODY- B67

Con_'icu-ation]4DC orbile',"fu:ela..q,-.MCR 200-R4

MODEL COlAPONENT :

GENERAL DESCRIPTION :

Sin_ilar to 140A113 f',:._,.la_r r:'c_p_ af_ bodv_evicrd

rn_dbody-w:,r_-boot faiTinq., Xo =.940 1o Xo =. 1040.
q

MODEL SCAI.E: 0.0175

a_d imprGve_

DRAWING NUMBER" VL70.000]40C. -O00?.02C, -000Z05A

VLT0- 000200B, -000203

DIMENSIONS : FULL SCALE

].,ength (IML: FWD Sta Xo=Z38), In. 1290.3

Length (OML: Fwd _ta Xo=Z35),I_.. 1293.3

l/,,,x Width{At 3(o= 1528.3), In. 264.0

Mox Depth (At Xo = 1464). In.

Finener_ Rotio
,q.

Areo " Ft2

Mox. Cross-Sectional 340.885

Plonform

Wetted

Bose

_ODEL SCALE

Z2. 58

_..z_Z.s3

4.62

4.3L._

4. 899
i

O. 104
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TABLE IV _Co=tl==ed)

L_DDEL DI)AENSIONAL DATA

MODEL CO;.PC);_ENT:, CANOPY - C]_

GENERAL DESCRIPTION: Cor.fi.*ur_ion 140C orbiter canopy. Vchicle
w

cabin No 31 u_d_._,,d Io ._ICR 3OD-Tt4. Used _.ith fus*l_:e _2"

MODEL SCALE: 0.0175 ,.

DRAWINGNUK_BER" _ VLT0-O00]40C, -O00_02B, -OO0204

DIMENSIONS :

Lengd_ (Xo = 434. 643 to 578), In.

Max Width(At X = 513. 127), In.
o

Max Dept}_ (Zo = 503 to 449.39), In.

Fineness Rofio

_reo

I/,ox. Cross-Seclionel

Plonf=..

We.ed
-e

_OSt

FULL SCALE MODEL SCALE

14_, 357 Z.508

152.4lZ Z. 6.6"/

Sl. 61 0.903
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TABLE IV(_ntlnued)

MODEL DIMENSIONAL DATA

MCDEL _O,'_PO:_Eh_: ELEVON- £_7

&[NEPAL DESCRIPTION:

elevon split ),!n.e X.,

£1evon for confiwuration 140C. Hingeline at X o

-'312.S, 6.0". beveled edges, and centerbodiel.

= 1387,

i
l
t

I

I
!

MODEL SCALZ'" 0.0175

DRAW:NG _L_RER:

C]v,Zr_SIO% :

Arel " FtZ

Span (equlvalent}

VL?0- 000 ] 40C,

Inb'd equivalent chord- _.

Outb'd equivalent chord "

Ratio _ova_-le surface chord/
total surface chord

At ]nb'd equiv, chord

At Outb'¢ equiv, chord

Sweep Back Angles, de)-ee$

Leading [dge

Tilling Edge

Hit, gel oduci Of area k c)

Area MoMent (T,_ew_%_,_t_Rh_)

Mean Aerodimamic Chord. In.

H,nlzelsne dihedral (oriBin at

Z --" 2t>1.350c)). deg.
o

Ft 3

- 0 0(>089. - 00609 2

FULL.$CAL[

210.0
iii

34q. 2

118.0

55. lq
i

O.2096

O. 4004

O.O
i

- l O 056

0.0

1589.25

90.'/

5. 229

_DDEL SCAL_

O. 064

6/Ill
i

2. 065

O. 20c_6

O. 4004

O.O

- IO. 056

0.0"

0 008

I. 58"/

5. 229
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TABLE IV (Continued)

I,(DDEL Di_,_ENSIONALDATA

UODEL COUPONENT :

GENERAL DESCRIPTION :

I_ODY FLAP - Tin

Confil:ura%ion 14DC body flap. Hinceline located

= 153Z, Z = Z87.at X n n

_iOD_ L 5CA LE:: O. 01"/S

DRAWING NUMBER" VLTO-ODOI4DC, -355114 ±

DI_,ENSIONS : FULL SCALE

L.,,,h(Xo= lszs.s ,o Xo= i613). I.. s_.so

, = 1525.5), In Z56 00_o=Wid=h (At L.E. X o , _

kloxDepth (Xo= 153Z), In. 19.798

Fineness Rotio

Are= - FtZ

Idox. Cross-.¢)ect;onol(At H. L. } 35. ]o6

Plonlorm

Wetted

B0se OC-o = 1613)

I_ODEL SCALE

1.531

4. 480
• i

O. 346

0.011

O. 041

O. 0015
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TABLE IV (Continued)

MODEL DIMENSIONAL DATA

MODEL CO}.a,PONENT _ OMS POD - M 1k

CENERAL DE$CR;PTION : Conficur_t_on 140C orbiteT OMS Pod - s]_oTt pod.

kP.ODEL SCALE." t'). 0175 "

DRAWING NUMBER. _ VL'/0-00840], -00"8410

DII,{EHSIOHS : FULL SCALE MODEL SCALE

Length (OJVLS Fwd Sta Xo ='13]0. S),ln. Z58. SO

MoxWidt_(At Xo =: 1511), In. 1_6,8

Mox Depth 'At X = IS]I), In. - 74.700

Fineness R=t;o Z. 484

Areo = Ft z

Mo,. C,oss-Sectionol

Plo,.fo,m

Wc,cd

_O'_O

4. 524 "

2. 484

0. 018

|
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TABLE IV (Continued}

kIODEL DIMENSIONAL DATA

RUDDER - RI_

G[F'E_.AL D[$CRIPTION: , The rudc_er is a secondary n_ovable airfoil at the

trai]in, o edce of_he verlical f_n that irn_ar',s yaw forces. This dirr_ensional

data was c_lcula_e_ fror_ the O.ML r_as_er dir_ensions.

_CDE L SCALE: 0. 0175

DEAWI _G N'._BER: Vehicle 5 Configuration MCR 200,

1_:ME NS!DNS:

Area - Ft _"

Span (equivalent) - _.

Inb'd equivalent chord - h_.

Outb'd equivalent chord - In.

Ra:_o _vable surface chord/
tot.a1 surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

lal Iing Edge

• Hingel ne

IProduct of Area & C),
Area V,o,_ent(N0e:_Su{.c_:_._nge_-qxJuk]Ft 3

N_ean Aerodynamic C_orcl, In.

Rev. 7

FULL-SCAL£ MODEL SCALE

_7.sl o. o3o

198.614 3.476

ql.07 1.699

50.80 0.889

0.400 0.400

0.400 0.400

34._33 34.833

7k _49 _ _aQ ..

34.S_3 )4. B33

_.889 0.032

72.840 |.275
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TABLE IV (Continued)

VE__TIC_.L - V 8

G_-._L DESCR=_'.ION: Configuration 140C orbiter vertical tail (identical

to configuration ]40A/B vertical tai|).

MO DL'L SCALE:

D,'4.;'...'T_NC, N'_'.E-'R:

0. 0175 ,-

VL?0-00Ol40C, -000146B

_D,-_._3Z31_$: FULL _C_.L£ MODEL RC, LE

_a (._..e_)- Ft2

i_._m'o.-m

S_: (Tneo) - Zn.
Asp.-c: P.at _o
Ra:e ot Taper
Taper Patio
3"-eep-,l_...':k Ar_le _.,

Leadl n6 ERe
Traill ,_ E!:e
O.E_ Ele_aent, Line

De_rees.

Ch=rd: :

_oot. (Theo) WP
T'.;(T_e=)
_C

v.P. o_ .2_ MAC

B.L.o." .25 MAC

Ai ri'cil _ec tlon

Le_d,:r_ .,'edce Ar_le - De_.

T_.a_l_r_3 "_;ed3e An_31e - D_£.

Void Area

Elanke ted Ares

4]3. Z53 O, lZ7

3Is ?z ._._sO ,

1,675 , _,675O. 507 _. 507 --

0. 404 0.404

45. 000 45. 000

26 Z5 Z6, Z_,
41. 13 4L 13

268.50 4. 699

,I08,47 I._O8
]gq. El --'_. 497

14_3 35 .2"5,_609
6_5.52 I I. l ZZ

.. o o _...,E..____

lO. OO lO. O0

I¢.92 .!__--Z. 00

13. l?

0.0 0.0
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TABLE IV (Continued)

MODEL DIM:ENSIONAL DATA

:_.r.RA: ;;)ESE_,:_T$_: Conficuration. 5

ROT_ Identical 1o WI] I except airfoil thickness.

traHin_ ed._ of xvin¢, C;eornetric t_'ist = O.

XtODI;L SCALE" O" OI?S

_s_ _.

I)!M[NS IONS'.

TOTAL DA'A
- A',-ea:CT_,eo.) Ft;z

Planfor'm
Span {Theo In.
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TABLE "iV MODEL DIMENSIONAL DATA

MODEL COMPONENT : EXTEFL_:AL TA._K.- T38

GENERAL DESCRIPTION S_,ike nose configuration.

__ODEL SCALE: 0.017}

DRAWING NUMBER vc?8-OoOOO_ " (__'Z"/'DI_ ,_)
VC72-OOOOO2F (SHUT2LE COT-_qO. DRAWT_G)

(Dimensions are to tank structural OMI, TP$ not included).

J
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Fineness Ratio
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TABLE VI. Thermocouple Plug / Constant Se_

Summary

Constant Se_ Plug Numbers

100 2 3 4 5 6

200 7 8 14 15 16

300 17 18 19 20 21

400 22 23 24 25 27

500 28 29 30 31 32

600 33 34 35 36 37
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Data Figures*

*The IHI04 test data were originally collated using THETA as the

radial component of each thermocouple. They were modified such

that PHI was used instead of THETA and are presented in the plots in

the modified form (as they are in SPRTSS wherein they are compared

with the data from SPRTZB).
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Appendix

Tabulated Source Data*

*Model roll angle is designated as PHI in this tabulation and is

identically zero throughout the test.
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